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Title: 

MANUFACTURING METHOD FOR BORON PHOSPHATE LAYER, AND 
BORON PHOSPHATE SEMICONDUCTOR DEVICE 

Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing high resistance 
boron phosphate layer useable for an electric field effect transistor (FET) and a light 

emitting device, etc., on a crystal substrate. 
SOLUTION: When a high resistance boron phosphate (BP) layer is formed directly on a 
crystal substrate with the aid of gas phase growing means, the high resistance boron 
phosphate layer is formed by keeping temperature of the crystal substrate in a range of 

from 1000 [deg.]C or higher to 1200 [deg.]C or lower, and doping magnesium (Mg) is 
added into the boron phosphate layer exhibiting p-type conductivity in an undoped state. 

When it is formed by being joined with an amorphous base layer formed on the crystal 
substrate, the temperature of the crystal substrate is kept at 750 [deg.]C or higher, and at 
temperature or lower where the amorphous base layer is subjected to gas phase growth. 
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t£5ls<fc9. «*w«clftltttSr*»i-5. i£0i:0>**fciis*&ttroi i \ - v m\t&<to 

Ma. miL\$ . •> 3 v V — (Schot tky) ^-S-MS^^^h^^v 1 ^^ (MES 
FET) C0^»r (buf fer) (J. Crysta 1 Gro 

wth, 55 (1981), 2 5 5 ~ 2 6 2 l#i) „ Wilf, i<kif !) l) A (G a N) 
mMESFETT-te, 5ciJi^$©IVl!Sxfl;It2,Ki (O) Srta«)lCiS»LT 
S)gB:i:4Lfc*ift:©!Jy<klf (boron monophosphi de ; BP) 

& mm m t l x m m -T z &m m & & z * t.tz. n&mnmity << k (led) $> o 

T(4. nf RO!pJg©!; p n g-g-^ ?, fft/j: < (»58fl 0 - 2 4 2 10 

5 6 9 # J$ ) , K^Jr K-fy^ (dop i ng) LT^fcil5ffi#ttf>y>MfcllIiSiJlA>lb 
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IV I I©i|?rSJn (dop ing) \- tc m> fctii <D V 1/ itmm M . Vfi&X'i-i » g* Sii Aft 
^-Sr^tfSlJBfc'&tt. t*J ;t r- U ^ h * ~> 7 > ( ( C 2 H s O ) 3 B) ) & 8B ig H t 
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trC) fi , lxio 4 ^- — ( t& {£ Q • cm) HTCSJ oT^S, 
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6 o T , SSI^CSl^Mftifi^rlit^^Jtftli, (t r a p c e n t e 
r) i Ltf ffl L, K U -f V (dra in) 1 (dr i f t) * ft ± 

(omm^^^icmm-rz^iiTiimm-r, e w v * 7 ( P inch-off) ftit^sti 40 

[ 0 0 0 6 ] 

©-fSiiBil^tits. u u ft a» £> , M fi j£ ft £ * fc y -ft; as is k i± , r >- k - 

MX'gtiC, 1 0 2 0 c m ~ 3 g g , s£VMi^;ft,y.±i-#4<D£?l (vacancy) 

filtv^. 0<J x. , 1 0 0 o'Ci:lx.5BiItHM*Jtfc7y Y — ~f <o y > fl; 5$ m 
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St5 It> 9 * ~> V A. (Mg) *S»LTiiifitn:royyfcfflfS4:^^t 

5 t &&wi t-r z> y >■ itm m m <d m m x m „ 

(3) ^Sf ©Til*, 7 5 OtBil 2 O 0t«T©tSfg B 15fiiCSgIH^ 
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WTO^T*$>^r.i:^!|#1l5:i:rSJife (2) \z m®. r> V ^ it ffl m M <D M & ft * 

(4) USSoy vfclf iRV^SHOTSSilr, l^-<o^ffij£g^J&<cJ;9Jf5fi£^5 

r i & t?. IE (2) * rt « (3) {cmmov^itmmmnmmxm,, 

(5) _hte (i) n m. (4) roflTfta»i*fcK*©*fcfc±97Kj«£nfc*Stt©yvfi: 30 
Ml^itt/is y wis**********-. 

(6) ywbflHsSsa^siflsiit^z^ i^sstoy>-(bi9^^co±^^, gftiiRittits 

«#5amMh7Vv 5 X;5' (FET) f fe 5 r t ^^fit t5 112 (5) CEt© y Vftffl 

s c h o t t k y) m&\±<D&m<y - h m m & «* x 4 s ^ a * F^-«^t#a*sh 

7>5?^^fJb5;iS:*»ttS±E (5) £ fc tt (6) tcfSi&royWfcSiig^^jlltt: 

(8) !) vfbli*¥i*i^^v iftJgfeioyv-fbBi^gcoi^tc, * - 5 y >> (Ohm 

i c) t - S y tli^Rl+T/iS^^i^ ^ i: 40 

t -r 5 ± ie (5) cEto y vftiti^s^^i 1 . 

(9) P>ik«**«**?ii, iSi}getoyv{bBiii^^^, t-? ^8*tttii>fe 

^Siz-fy'f * - Ktfc5:itKriit5±E (8) lc|E«roy^{bfli^^ i fW#:^ 

(10) ywtH******^*** i*®fet»yv^bffli^Ji^, t-^ ^gMttsao 
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KT-fe5;t?:#ii:t5±ffi (8) WIS fll******^. 
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* i i (o D v it m m m it . *m-c»«itt«:*i-*i»«tt*vM4 d»e,*5»iE 

roEtrof (Si) (SiC) . £ ft # y * A ( G a N 

) m <o mm m m & & * « £ u r » a ic #j -c * 5 „ jfe»tt©t77^7 ( a - a 1 2 o 3 

S«±l-y^{l:flll*JiS:«ffi*ftS-a:5*a^M:, /n n y >• (ha 1 ogen) j£ , ^ ■< 
V 7 4 Y (hyd r i de) ft % ft =f- Wk ^ \£ 9 * *s \ i\> (MBE) ft . S.U ? MOCVDjfe 

sr « * -e # s . tk«w»Jne»-e»w-rshy^^/nB* ( ( c * h 5 ) . b ) 3? » w ^ m 

U * 5 It «> f U ffi ^ & T- fe 5 . 
[0010] 

JbiacD^i /igsifil id yxt«*JB*iff»«itiBjifi$*a i&fttt. 1 0 0 0 °c w -h r- 1 

2 0 0 °CtlT'O«5ia<!:i-3 < , &mWX'lt, ^ilttJritef Cii L^^T y K-/©tif 

p^»e^tti£r ; *ri--5 y > itmmm & fs.tt & it z> <o t lt^s. 1 2 0 ot^ 

ig X. 6 ilHfi T* , B , 3 P 2 m (O # * W <D y V ft ffl m (J. Am. Ceramic So 
c. . 47 (1) (1 964) . 4 4-4 6 l#») # 36 £ L , y^ -ft SmiSt^^ 

SfSSfiilSSVV/l I I T > K — 

^ , ^S8T-lxi0 ,9 cm" 3 ~lxi0 Jo cm- 3 C0teffl» :J r^yT (ETL) S S # 

n h ti z m ic -r z> <d » m m x *> 5 . ^ti^stas^ffist-r^s. »p>n-5=¥^yr 20 

( jE 7L ) »SBiSS< 45. V / I I I Jt*i(i. «tHJ«*«F©W*JR?Hi»-i-sy>'JB» 
<75«*tfc^t?fo5„ y TSSllIt©*-;!' (Ha 1 1) * »c ft <? Sd T- # £ „ 

[0011] 

* m W X tt , 7V K-T'tti-CpJgO!) yftl»iS;««*ftT?!t5*ttT-C, -v ^ * is 
<> J* (Mg) ?rftf K K-fy^ltSSMoU vlkl^i^gffi^ftJtS. ?^^-> 
? A « , I I I-V&ffc^4&#-^ft:U:o^TOtt*lfcftp^^ift4&T?fc.5 ( M i i-v 
8Hfc 4fc ¥ J (1994*F5J320EU (HO#Stl36fT|lJJi6)>7 3~7 7JC#Hl 
) o t'tt^ nil I I-V&ffc-g-i&it^flsJilc-^^'^^^A (Mg) $r*^>-^ — 

h* - t° ^ y [^x m&fc*m&m z t & ± < mm \^ . tc * , t> &<o v ^ikiam 

^ 31 /I »c , pif^itttffcSv^^-/^ (Mg) & k — f v^urSjS^:© y y^t« 30 

^^SrMti^S^-BrSo p»y yftlti^(D-7:/^->9A (Mg) <D in SI <t L T , fcf 

* — i/^a-^v^^^^^-^^^V^A (b i s- (C 5 H 5 ) 2 Mg) £ #1 ^ T* # 2> „ 
y Vftlf I^W b i s- ( C 5 H 5 ) .MgSrffiiLfc K-f y^K&otll, -v ^ * 

(Mg) momnsmKifccx, yyftifi^»Mgs^©iisi4iiii/Ttfic 

^tikmtf 1 X 1 O'^^/cm" 3 —! X 1 o^I^/cm-i/jiSIl:, M g £ 

Mg) O K-fy^ftt, « ;t » MgAS7^t7'?i: Ltf^fflt^iii^fc, 35 # K & 

®etT«^^p®co y > itm m m & & S: & in z> <o &> z * y vftisi^oMg © is =f- 

&mi-t-&(D2 1k4*>Mmftffim (SIMS) ^ - V s ^ (Auger) #3t##rr£^ 40 

k ft 9 « a T? # 5 o 

[0012] 

I i i - v«ik^ttf#*i:ov>Tpf^F>6iT-i55Si i Wk<r> Ttm <o f x , ^ * v- 9 

A (Mg) ttiU}&tt<7>yWt;i!igg£4-x<5Kftt ; r^T-fc5o ^ * ^ * A (Mg) 
fflB^ir, ft^S : Mg B,, tVMUkf A : M g B ,f b Jtl 5 v 

2^12^200. ( m ) B-yiimtt^tt) . 122R#fiS) 0 lOfcif), y^ftfli^ 
®W^tifiKSi:I^^F(c^i/^v'r>A (Mg) SrmJD-r-S'tfcftiJ. Mg«yv{kfli^g 

^rttc^fig^-fr5^t^T'#5o tit, £/&L7cHlif£?L£y>JS^riSd5Wi-5r£:(c 50 
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T?±7?kMg<Dffitoizm'0ft$LLtiT-!7-t7*t$:mi«.&)ic%imLX, S JS fit <£> y V 
{klii^tfcfjfl:! S)tt5 t *«WC{ji5-r A (Mg) H'-e^^tif 

l&^fettli, ^ ?S T* <D Jfc fg fit ( = t& fit * ) ^ixio 4 Q-cmW±ti--5i*®&T:roy> 

[0013] 

U V^«8^SSrfe^S«Ji»cS{jti-5SiJw*)£i LT, Mfetfim t ft -f tz #> <D p J& ff) V v 
ft M * JB tt , tg*S«±fc»iaLfc»^i:yi'J:«r^tr#ft«Jl«:TJftJB£L-t, ^ <7) ^ 

T s/ f- (mi sma tch) £ ft? L T , 5 * >W y h (mi s f i t) fefi^COMfi^ 10 
91 * x rg 8 |^S©SS?J ( ( « ) «F JS fig , 1 9 9 7 ^6^23aift?0l) , |2t 

^rtiw-rs^s^mfcL, f%\ m <d m m m * p v > it m m m & t> tz h -t \z. n m x- 

cwfcto. WJHiSrgl&K^tf^ifBflJUi, iIS« i ^ v - 7 f ©Sfpfffl 

K3S»-c#4fc:ag;i, y^^7L<oiisij$S:±s<7)y^-(b^^gic^^LT'bfce>L, r ^ 

B B B SC if f* > 7 5 0 taJ: 1 2 0 0 tKTCfifiT\ S IC S S L t f )S f I 5 „ # B B B « Jl <£> 
JI J5 J4 2 n m « _h 5 0 n m &.T b 1r Z> <& ft # fa X $> Z> „ K "J" — ro^Bg^BH-^-TSfliSl^TL 
ICttg!LTii^lC#at5 y V £ ?L <75 ft ft 14 N 0ij x. (4 * - $J ^ fflij I- *5 V T p ^ -Y V 

t (jetl) s^tLTf+iy^tt^o mmtv>-b$;-£tt}¥M,wmicte^ v isitmm . yv 

fbWB^-^y^A (B x Ga,-xP:0<X<l) s yyftaf-7;us--)A-^y 
v 5 ^^ (B x Al»In,-x-yP:0<X<l, 0 < Y < 1 , 0 < X + Y S 1 ) m £ 

m * -e # s . 

[0014] 

MiliS«±«;:#B%«Jl£&ttJ#ft£ii:5K3l£iBS#, SKJggtwy V {t ffll ^ i ^ P - © g 
««?ST»«t5:iit5i, HSfittoy^YkWSHJiSrWSfcfUffii:**. 0*1 x. . 30 
hycn^/pffliis ( (c 2 h 5 ) 3 b) *■ Si HI M t b , * * y j (ph 3 ) ^ y yii t 

tlS^^f 5, 4* , I*t y y t?:ttf# a a B fI5rMOCVDfet;ft>5ltS^U 
■tf fc & , 31 # S£ # , ^-ro*SII4:tS«fi$tfcro i^-OMOC VDaffifiJf SIS: 
ffjfflLxyv-fksi^s^^ffifieg^-yrs^jfett^jffir-fc-g.,, itfgfitcoyv-oiaBiiiJiSr, 7 

«i , *^ B B B oywfc$J!igJl£^ffi/&fi£*5k:##^£ft.5 0 7 5 ot*itii, # IS B B B 
wyvfcfflligJfTlsW^nB^ffifrlcfcS,, £ N ift&ttKByvfcfflftJISr&AKJISrAfl 

[0015] 

* 3§ 93 <n> « ©fit © y > itm m m (4 , a^w^fcflcft^Srilljfci-SKifijffl-e^s. ey *. rf , 

l6*tt©*Si&*«±fc:Kl*fc*«tn;©y ^ it ffl ft M , ME S FET&f^tSfc^L, 

( d r a i n) *m 0 mm * & m + & it *> <o ik c> &m m t 1* x m m ■<* % z> . 

%tz, 2^7C«^^^Sr*iJfflLfc«#amMh7>'^^^ (TEGFET) £ HI 5 K 
%k . W.mm X. . *S a y h * — (Schottky) y-b (gate) «}§&^J& 

t^>fc»«y- UllSfflli *^?qi-#^5i«1gfit<7>y V {t IB ft S 

«4 . ltlx:6*)lc:^v^ii<iSr^^-t-5-7 ; /^v'>>^ (Mg) Srf^JfflLTV^5fc^«!), m\^^®.m 
Sr^JDLTiUffifitt^LTc^*©! I I-V^fk-g-^j^^^gi:l4^/i(?. K W -f ^ « i(E 50 
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§(Dl^fWf {b (d r i f t) £»«-r3fc«<flri:/j:5j«l&tt;Ji$:«{fcT?#S. 
[00161 

» »*«B«>»&^ffi»C«j!ltSrtt*-r5fc«>©«aE|ajhJii: L T # ig lc *ij ffl -e # 5 . « *. tf , 
±11^ 7 y KSSf/f tUt* !) I? A (GaN) Jl £ -v ;/ •?> ^ A (Mg) & K — f V ^ L 

•ooUffi^Uf fcg, ibj t < m g * K-trv^uoofcisttroy yfclli^Mi* it 
$*3«fcAqi«:iS-*-. & {c x -f >'^n • SS^litft (I TO) K4?ro&iftti:<z>3H 

w « me -c . *a*tfc±»^?y Ki©*iBatj'a#iitfciiifttto!) yfti*i»*B 10 

£ & IS 1- -5 . tc , 8?#£-tfrfci§;}&#L<75y ^fcfflHiffJi<75±;^{;i@i^^®jgnc^M£-£T;4- 
- 5 s'^illrStn. rwiftSiSitSi, ®^<t'?P^$ttStbf^S;gSli, it; ffi tit 
y v^kSi^g{CJ;<JT*rol63tgB^(DSiiL*(6]<75^ii4r|5aih$ti., @BJ^f«^^3>L,T7k 

[0017] 

* It. **S07^*'/jfi (Mg) Sr K-tfy^LTiSfittt/itfcy yfbl^ili, 
m^lt* h =7 7 (s t r i pe) tSeS©LD^l^f5lCiL < » & - , =p *t 
mm mm. r ¥ « # u - if j ( (Mi) fit, 1997*1 0^ 3 oBStrtiiKKeil) 

. 1 1 8~1 2 1 , tlR^it LTtaCfUfflT't 5„ -7^^->H7ASr K-f 20 

v ? Lfcitsjgt/tco y > as am us ji zmmm^m t uittLDiiixif, #; o # m -c- « j& 

5fe "f , i£ — i£VM3#fi<7)fl:^#F (QW) ^!5>f)i5I)fcl±0±S|!^7yKlro 
« ffi , v^^^^lrK-lfy^Loo, !) ^IblillrMtiaf M fB ft £ 

£ 0> « « lc E 0 , « # K: B* * 5 . flfJ*K:fi**i-S««tt, - f®. K 14 , *§ # 3 x l o " J . 
c m ~ 3 X 1 0 " 3 c m T- fc 9 , ft S 4 i 15 3 I i t 5 ^ h^-T^tltCO^^T-fo 

-So & Id , ^ [•7'f7'«i;lnJtfcg8J§i!)-r 1 m t&fc <n V is itm m m <o m m & * — 

/fctfxo^^-i&teftflttt, i«®^;oyV'fliffl8^g(^J;tjii»S-t-?)ffi«4r^^$^ > x h -7 

:frLT|g7fcJl(-j£A£*L5ii:<>:&-5„ 1# (c # |g T' 12 , ^ -ft # y ? A (GaN) tf> a $|& 
» ^f - 3£ » (^0. 3 1 9nm) B§ - gc i" S & ffi frl PI (V yfclt© {1 1 0} J* A jfi 

© m m & m o . 3 2inmt»5H§T-$)5. ) &&i-sy:'fcflii*jia>t>tt*E*Ei9ji*r«i 

[0018] 
[ f£ffl ] 

# IS « W ;/ * S/ ? A (Mg) SrlJlDLoolgfitroU VftlII?:Hti^ft$t5?g 

\c t , yv{k«B^Sf-^*li$ixfcMg«, ryK-Zt-p^wiiyftlilwrtaic 40 

[0019] 
[ * Jfi « ] 

( * i * it fcl ) 

-v^^v"7A (Mg) SrK-tfyyLfciiiffiJiroiiyfblil&SSitLTfflv^, g 
{fctfy^A (GaN) IMESFETffllcaiiilfriri^tSl^iiCLt, # 3§ 

[ 0 0 2 0 ] 

G a N&ME S F ET£mj&-f5 7cJ6K*lJffl-e#5«Jl«;i£#l A©«S«jg£lg| 2 CI 50 
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SWC*to fe B B 0Sffi 1 0 1 J* , fifet^^l OQ • c mj^±^ > K-^tilffitii^ 

{1 1 1} ffi * # -t (S i) J£ *S ft £ L . SCI 0 10*Bttt, h !i xf yui 

Iff ( ( C 2 H s ) :,B) / * *y ^ is (PH 3 ) / KM ( H 2 ) £ ^ 3? EE ( * M JE ) 
MOCVD«IfK5:«fflLT, 1 0 2 5 tf« H V ^§ 1 0 2 

Lfc 0 0 2S:««l*ftS*5BOV/I I I it m (=PH 3 / (C 2 H 5 ) 3 

Bft^SSlt?) li 1 6 (i: Lf: D ^ B 1i « /l 1 0 2 O Ji 12 ft 1 0 n m £ L 0 fll tR SS i: L 
fc hy^^^Si*0«lffi^;*««^o«*&Sr--5., f|ih Lt# B e 0 f 1 1 0 2 <D ^ fi ft £ 
» T L tz o 
[ 0 0 2 1] 

— * , y ^S<0««fi!cS«»^(Dft»S:i«Loo, * ^ 7 ^ > ( P H 3 ) t tK * (H 2 10 
) £:<£>iB-&#HSrt-es i ¥^ISffil 0 1 WfiSSr 1 0 2 5 t^t) 8 5 0 °C l£ i& T £ It 

k z>m&ifi<D v itmmm i o 3<o*ffijds«s:Hj*&Lfc 0 y yftixi i o 3 co ^ 

ft B$ 1-11 s T S K - :/ # Jg T* ft 2 . 0X10 ,9 cm- 3 (7)ar^yr ( IE ?L ) jlfiOpi 

0> * IK /■ flM# 6 ix 5 « «c , V / I I I lt$4: 1 2 9 6 CgS lt 0 -^^^/Sft^ltTf- 

*5 v> t & St m & » 6 fc ab iz. , ^ * > r> ( m g ) ^ K-ev^Lt e M g CD K - e B y 

as & \? * is ? n ^< ^ ^ ^ 3i ^ )v y * > $ j* (b i s - (CsH 5 ) 2 M g ) 

i*: 5 fc . y yftliirt^MgS^-gg^S 1 x i 0 2o gf /cm^/^iC, 

AiSJnLfc 0 r tb «t 9 , tlfOfiSi*S:fi 2 X 1 0 " Q • c m i t ^fltg: 20 
fetoy > itmmm 1 o 3 Sr 0 Sh t& in cd y yftiigi 0 30lf lift 1 0 0 n m t L 

*5 V% fc 0 

[ 0 0 2 2 ] 

* , S i ¥8SiS 1 0 l wiBSt 8 5 0 °C ic {£ j$ L o o , ^If I i o 2 ^IR^ 
y Wfc HB Si Ji 1 0 3 ^^Ifl^I*^/':i:^3-(DMOCVD^ft^ft^trtt*7y K — ^ 
t n f 1 ffc !i ^ A ( G a N ) §10 4 ^Mffi^ft $^fc 0 IIW A 1 1 0 4 Ij: , 

hy^^/U^/y^A ( (CH 3 ) 3 G a ) /TV^-T (NH 3 ) /H 2 gl£ItEMO 
C VDStIft«g^/: 0 1 0 3©*ffiS:ftt {1 1 1) - * 30 

®{C^^i--5y>{fc:^^0 {110} - Mtffi (Dte^mmm ( - 0 . 321nm) i J ;P 
:V jE *S g £1 (Wur tz i te) OGaNcOaW^T-^^C ( = 0 . 3 1 9 n m ) t ifi BS ^ 

*t5:H»&, ifc#y o 4ii {oooi} -i&ftiii^bfli/ssjxsjSftjifc 

4of: fl ME S F E T O Sttf (channe 1) Ji£LT(D*iJfflS:#]ftLT. {£ V* 3r 
yr ( IB iP ) filOnfUW!) 1 04S:#5'<<, V / I I I lt$(j:fS) 1 . 2X 

i o 4 jc: i£ ^ l 0 K — / 1* n ^ o i ft y * a g 1 o 4^*^ y t ft s 1 4 ft 2 x 1 

0 1 6 c m " 3 N lftt»5 0 nmi Lfco * , iSi^v^^y"? A (Mg) £r K 

-^L/csgjtoy xtmmm 1 0 3 ^co^^^ts-T-spflPi^s^tt^j: 9 , ^ ^ # y ^ 

All 0 40Sit^t : Ffl«lj:fi6 6 0 cmVV • s t4ot e 
[ 0 0 2 3 ] 40 

^*a>Sftffi*iS^co h y /My ^A^tt^^f mittf v $ j±m 1 0 4^is^ 

^^v-^a (Mg) k — ^<oji5»tt:oy^ftsi*jiio5«:««ufc. ilgfci^ y yfti 
mm 1 0 5<D«*Bj*ft£#tt, mmm t its«t 5 « & fet <o y y^i^i 1 0 3 

i: H3 - <b L 0 Jfrtco^^^v-^A (Mg) (DgfftgtiEoiUgSioyyftlfii 

0 3 i»H-otta*Sr#5fcft|:, ftlxio 2 °lii(^/cm 3 i:Lfco fib, Ji I? 

5 0 n m £ L fc 0 * <D « . »*«0«ffifiR*««--©ttj|&Sr»JhUT, Sffifet^yvftfl 

^ s 1 0 5 (o««^fiSr»T tfco s i m^ns^i 0 1 o a d« ft 6 0 0 x:ic&T-r 5 
ig, ^^^-f^sratiiLtttt. ilfijt^yy{biiiio5^is^f)oyy^ii^jjii 
a l fc 0 »6 oot^*^7^y©«»t#jhLt,***^o»i«rt'eiaiSfif©a 50 
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Sil, S 8* (d ft *P L fc „ :hi9, ^^^^A^K-fc-V^LfciiSSftroyWkllligJl 
1 0 3t«»lt IT, nliiki/!)nil0 4^fitt|Kt 1 4 fc « IS St W y >ft 
fflB iH H 1 0 5 Srv-a .y h^r-S^f #a*S h^V^**^^- Hi»fi£Ii UTfUffl 
L « Jf tS # 1 AZMfiLLtz. 
1 0 0 2 4 ] 

SlStn:<Oig«gSr^-ry>'^flBm^l 0 3 li, lti!Jyi^ttf^B H a fil02SrT* 

g t l -c , a o , ^f a f i i o 2 <t •) tiajaT-ni^ssttf;*, nnoi!^«i«)? 

y'7AJfl04fi,£?|5](void) ("Lattice Mismatched Th 
in Films" (The Minerals, Metals&Materials 10 
Society. 1999) (ISBN No. 0-87339-444-5), 177 
~ 1 8 2l#ffi) t*SV^ii«fcflS4:*ofc 0 4 , $Sttg©ft» itft* !) ? 1 0 4 

Sr^Tt^-tirrmtB^fi^-yrfcfcfc, yvflsfli*JBlO50>3iffi<©JFitfl:tt, rms (ro 

0 t me a n s q u a r e ; fate ¥- M h (O fa & <D 2 ?fc ^ <D ¥■ t% (O ¥■ 15 fa 
(CLT^O. 5nmi&$fT?foofc 0 

[ 0 0 2 5 ] 

( m 2 % as m ) 

*m 2 nmmx- n , w « 8t <& y v<tflUi!iJg&i^»Jii: Ltittaiif tft:^f>ME s f 

[ 0 0 2 6 ] 20 

HI 3 2 ^teWlcfetroME S F ET«)»rffi»JSSr«a«Uc*i-. 112 fc: UK » * I, 

[ 0 0 2 7 ] 

Hi»B»Jtf^SiLfcSlSlflElAS:MOCVDa«Sf^eJ;(JlS9fflUfct, ^ffi 
?:4tlfi5i»!J Wis All Hi JI 1 0 5 £ , — « W 7 * h y y ^7 7 ^ -SfT^rifilffl LtJO 

xl, y - h (ga te) mm i o 7 zmi&i- & ^fccomi&icm. v mm £ & tc e & »c , s 

. MOCVDMtB^figlrtdOJBI^ffiLfciligflA^ifLt, TVK — 
/T'nf W!) Wfc ffli Hi Jl 1 0 6 ^ — S v?mm$:ffi-!&^-Z>titb<D* — i y ? =* ^ * # h 
JiirLTif^LfCo nl!l yftfflif 1 0 6li, Jb 15 <D (C 2 H 5 ) 3 B/PH 3 /H 2 
5)SlMOCVDS^|i]fflUt8 5 0tT'Iti^fiJ-l:fc o nfU>|bliI106©* 30 
•yyr ( m =t- ) «*J4^)lxi0 ,9 cm- 3 i:L, if lifi 1 5 0 n m t Lfc. BS ^ 

ia co y >- ft; IS Hi Jf i o 5©i^ii3*4¥Sf Sii-eftSLt. me s f et i o ffl & 

[ 0 0 2 8 ] 

ft ip & , MocvDMtt^Sll±0Si!)iliLfcaiiig*i b K - us: w ft y * y y y ^ 

»«$-Br*:iS5»©t©y V ft IB 5* JI 1 0 5«r*iLt^6n»!) 
V-fbffl3«Sl 0 6 PS <9 Bfc ± L , ffijgftW ^ yfclil 1 0 5c73«ffi^gM^-l±fcyir^ 

(recess) gC108^^^L/c o U-feXgl!108©iSlCft5^-hlftf^ffl© 
^ ^ * 5" * A (Mg) & Vfclii 1 0 5 t nf !) yftlll 1 0 40 

6 t (Omi&m (^M) (i^l50nmiLfc o 4 ti , y-fc*8B108tf>#|i|®ra:**)lxlO 
" 3 c m t L fc . 

[ 0 0 2 9 ] 

y-fe-^gpi o 8 <o mm *> z m&m.<D y > ft m % m 1 o s <o mm <d q> & 0 y — * ( 

s o u r c e) 111 0 9 S 0 1: •> a y r-dr-gsfcfttt^y- Mil 0 7 !;-»fi<)i^^ 

-^^^swtyyh^-7 (i i f t-of f) aasKuspjBjsi,*:. y-nn o 7 

14, H5ffiR©!Jy<biSil05OtSI-«)ttt5«^f^y (Ti) i: L T i / & & 
(Pt) / 4k ( A u ) ©3ltifS^()i^Lto y — h ft «: #9 1 . 5 X 1 0 " 4 c m 
tLfc */c, y-fe^a5l0 8Sr^<ffl^l-a^(c:*tr6j$-yrT^tt$-a:fcn^y>'-ft:5i^ 

1 1 0 BOSSitll, nfDVftlllil 0 6tgt5ffll:4 • (Au - 50 
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Ge) ^tl«rEt Lfc A u • G e / - y >r * (Ni) / A u C 3 I 1 1 ff it A' b >i 5 t 
— $ ^SSttt»y - ^til 09St)>Ku^y (dra in) ill 1 0^#«, IE 6 
Lfc. roi^lCLTMESFET^^^Lfco y — ■*«ttl09fcKW"fi''*«110 
i: <Z> * ¥ SB ft l± , DtxSl 0 8 cDmm tv&m%t<Dm 1 x l 0 " 3 c m i L t . 
[ 0 0 3 0 ) 

iE©i 5 l:Lt*|2^JIWfffl!LfcME S F ETTtt. n B & it U V V A Jg 1 0 4 

/!>> ib ft -5 ffi 14 Jf £ , ^ * -> <> a (M g ) ^ K-^LT«jfitttiifcy yfklii i o 

r otctb, Ku-f v«JI©if An tc|S3t&fny-x • KM>t« ( Br Iff . Id..) 
*#ifADfclg*D<b;ft-r\ (p i nch-o f f) tElifil 2. 4 10 

h (V) t t£otz (fit, y — * • K u >f v * «E (Bfrlf, 1^.) £ 5 x l 0 " 6 A £ L 
tLWi-k) „ 4 fc . i i I - vift^i^i*T?ttiiWi:" r^-t^^qsfirsrjgfig-f 
5tJft5-?^^->n (Mg) &«taLfcK««:<©yWl2lll*»10 3«:««Jii:Lfc 

» , k u- >- m & fp m m <o ft ^ m n# #j * ^ it (a r i f t ) ia is «> s> *l # a» o „ 

KU-Otff^SViLfcgtitliSfifWtiS^y^^^y^ (Mil, g») li, 
ifiy - (mm) fcfcOCLtni 0 5!) V"- y >- * (mS) /mm©ilJl;iLfc 

„ y-hSBE ( m m , v g ) (otBjDicH^y-btfv^^-^mffirojff^-c^, g „ <t> e ^ 

K> T ri s M tb h tl tz Ji* , 8mS/mm«if5:IStnitti»MESFETiitft^ 
[ 0 0 3 1 ] 20 

1 m m <o m * ] 

ffi }g tit <o y >-ftW8^^o$¥it*-ffii-ti^r, #g B S B S IK <£> f& ^ £ 1 o o o t « 1 1- 1 2 0 o 
t«T©eitf jtLt, ^ *e m * & s i- m m l t v * v> r > h*-y©tit-pf 

•> <> J* (Mg) SrfejDLtilfiSiroyyjklil^lftt^rttLfctDf, 0iJxtf, -t 

J. o ilj ^ ffi 2 a v^i? * y^^f f5ME S F E T£1#j&1-5lc$)iP:§:Jif:rfb*t5„ 
[ 0 0 3 2 ] 

S fc, (Mg) 5: K-t'>i/LfcSfitt©!J yftlll^, 7 5 0 <C W ± 1 30 

2 0 0 t»T©iaSfM^SS±l;f ^Lfc^ «H Vi^^tf, II?r 2 n m«±t* 

5 0 Dmari:t5*ifi<!)Taiii8^Htiit5:i t Lfcot, m i* <*> at ^ % 

6 4 is e #t <o v >itmmm*i&i$.x-zz>. 

[Hll] {f i/ J* (Mg) «©«|&*i:y>'ft;ai*Jirt©Mg]iR ; f-»«t©B8«Sr* 

-r in v 5 „ 

[ 0 2 ) 1 ^ii^jic^ss^^^flsroffiTBm^iiiT-fcs,, 

[S3] *^B^0D^2^Jfe^J(d^-5ME S FET©8fI«S@t-fo5„ 
[ W * O |ft ] 

1A 40 

IB MESFETffllfiil* 

101 mmm%nkm$i 

102 ISli 

1 0 3 ssfetco y > it mm m mmm) 
104 &it# }) <? j»m immm) 

1 0 5 B «tt © y v-fbH^S ( y - MSf ^1) 

106 n«y>-<k1i*Ji(aJ-— 5y^=^^^hJi) 

107 y - h mm 

10 8 y ± * SB 

109 y — xMM 50 
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[ HI 2 ] 

i o s^r- 

1 A-y 10 4-7 
10 3^ 
10 2^- 



